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The  problem  of  the  role  of  the  nucleic  acids  in  heredity 
and  variability  of  microorganisms  occupies  a  central  posi¬ 
tion  in  microbiology  and  particularly  in  the  problem  of 
bacterial  genetics.  Furthermore,  Investigations  on  the 
study  of  the  genetic  role  of  the  nucleic  acids  made  on  micro¬ 
organisms  serve  as  the  basis  for  the  genera^  biological  con¬ 
clusions  of  the  essence  and  mechanism  of  heredity  and  of  its 
variability. 

These  investigations  have  receive^  special  attention 
after  work  on  tne  transforming  activity  of  desoxyribonucleic 
acid  (DNA), 

As  is  wel.1  known,  following  the  intiial  work  of  Avery  and 
others  on  the  transformation  of  pneumococci,  numerous  inves¬ 
tigations  were  carried  out  for  reproducing  the  phenomenon 
of  transformation  in  different  species  of  microorganisms 
(hemophilic  Influenza  bacteria,  causal  organisms  of  dysentery, 
colon  bacilli,  bacteria  of  avine  tuberculosis,  meningococci, 
staphylococci,  etc.),  in  which  the  posisibility  was  shown  of 
transmission  of  more  than  30  features  from  some  microorgan¬ 
isms  to  others.  On  a  model  of  pneumococci  and  hemophilic 
influenzal  bacteria  individual  aspects  of  the  transformation 
reaction  were  studied:  the  significance  cf  the  selection  of 
‘'donor'1  strains  and  "recipient”  strains,  the  significance 
of  conditions  of  the  medium  in  which  the  culture  to  be  al¬ 
tered  was  grown,  various  methods  of  obtaining  and  purifying 
the  transforming  agent,  etc.  (see  the  reviews  of  Timakov  and 
Skavronskaya,  1956;  Loginova,  1957}. 

In  subsequent  years,  a  number  of  new  investigations  have 
been  published  on  the  study  of  the  phenomenon  cf  transforma¬ 
tion  (Hotchkiss,  1955,  1956,  1957;  Ephrussi'-T^y'or,  1955, 


1957,  Zamenhof  and  others,  1956;  Leia.’  and  others*  1956; 

Drew,  1957;  Schaeffer,  1957;  Goodgal  and  Harriott,  1957; 

Thoma  s ,  1957 ) . 

In  these  investigations  numerous  facts  were  obtained, 
which  attest,  without  doubt,  to  the  genetic  role  of  DNA,  and 
axchough  in  transformation  experiments  the  possibility  of 
transmission -of  only  individual' features  has  been  estab¬ 
lished  (basically,  type-speoificity  and  resistance  to  anti- 
biotics) ,  desoxyribonucleic  acid  began  to  be  regarded  as 
the  single  determinant  of  heredity,  responsible  for  all  the 
properties  of  the  bacterial  cell*. 

Careful  analysis  of  the  published  material  and  an  objec¬ 
tive  evaluation  of  It  with  consideration  of  the  results  of 
investigations  of  other  rules  and  regulations  observable  in 
the  process  of  variability  do  not  give  us  the  bases  for  ac¬ 
cepting  the  exclusive  and  single  ro]e  of  DNA  in  the  determin¬ 
ation  of  hereditary  features.  The  theory  of  the  identity 
of  DNA  and  the  gene  is  also  unproved.  This  is  why  many  in¬ 
vestigators,  even  among  those  who  are  wor*:ing  out  the  problem 
of  heredity  and  variability  in  the  aspect  of  conceptions 
of  formal  genetics,  while  recognizing  the  genetic  signifi¬ 
cance  of  DNA,  are  revising  the  theory  of  its  exclusive  gen¬ 
etic  role  which  was  postulated  after  the  first  investiga¬ 
tions  on  the  transformation  of  the  microorganisms  (Zamenhof, 
1957;  Chargaff,  1957;  Ephrussi-Taylor,  1955. . 

Let  us  see  which  experimental  data  confirm  the  conception 
of  DNA  as  the  basic  and  even  the  only  factor  in  heredity, 
and  which  facts  contradict  this  conception. 

As  has  already  been  stated,  the  most  convincing  facts  at¬ 
testing  to  the  significance  of  DNA  in  heredity  and  variabil¬ 
ity  were  the  Investigations  on  the  transformation  of  the 
microorganisms.  In  these  investigations  it  was  shown  that 
by  means  of  DNA  it  is  possible  to  transmit  hereditarily  re¬ 
inforced  features  and  properties  from  one  serological  type 
of  microbe  to  another.  Afterwards,  it  was  established  that 
DNA  produces  a  transformation  of  the  microorganisms  in  very 
small  numbers.  Its  activity  does  not  decrease  with  the  puri¬ 
fication  of  the  preparation  with  respect  to  protein  and  ribo¬ 
nucleic  acid  and  is  completely  lost  after  the  action  of  deso- 
xyribonuc lease . 

In  contrast  to  the  data  on  DNA  as  the  basic  factor  con¬ 
trolling  the  various  hereditary  features  ol  microorganisms, 
investigations  have  been  made  which  attest  to  the  identity 


of  the  chemical  properties  of  the  desoxyribonucleic  acids 
isolated  from  the  various  microorganisms  as  well  as  from  the 
various  organs  and  tissues  of  animals  and  man. 

This  contradiction,  however,  has,  at  the  present  time, 
oeer.  explained  by  a  working  hypothesis  proposed  by  Watson 
and  Crick,  dealing  with  a  model  of  the  structure  of  DNA 
molecules  and  a  number  of  investigations  performed  for  the 
elucidation  of  the  specificity  of  DNA  molecules. 

According  to  the  model  of  Watson  and  Crick,  the  DNA 
molecules  are  represented  in  the  form  of  two  chains  consis¬ 
ting  of  alternating  sugars  and  phosphates:  a  purine  or  pyr- 
amidine  base  is  attacheu  to  each  sugar  unit,  The  chains  are 
twisted  spirally  around  the  general  axis  and  connected  with 
one  another  by  internucleotide  hydrogen  bends.  Here, 
there  Is  a  strict  specificity  in  the  pairing  of  the  bases: 
adenine  is  connected  with  thymine,  guanine  with  cytosine, 
5-methylcytosine  or  5-oxymethylcytosine .  The  sequence  of 
pairs  of  bases  may  be  entirely  different.  The  character  of 
this  sequence  conditions  the  specifi'  ty  of  the  molecules, 
their  heterogeneity  in  the  presence  of  the  same  chemical 
composition,  and  assures  the  transmission  of  the  Informa¬ 
tion. 

A  number  of  aspects  of  the  Watson  and  Crick  hypothesis 
have  been  confirmed  by  experimental  da- a  of  roentgen-struc¬ 
tural  analysis,  electron  microscopy  of  the  DNA  filaments, 
etc.  (Watson,  1955;  Fraser  and  Williams,  1953;  Williams, 

1952;  Crick,  1957). 

The  pairing  of  the  base  connections  in  the  DNA  molecules 
Is  confirmed  by  the  relationship  of  the  quantity  of  indivi¬ 
dual  purine  bases,  characteristic  of  the  desoxyribonucleic 
acids,  or  the  relationship  of  their  sum  to  the  corresponding 
pyridine  bases,  which,  as  a  rule,  is  equal  to  unity  (adenine/ 
thymine  *  1;  guarine/cvtoslne  «■  1;  adenine  plus  guanine/ 
thymine  +  cytosine  =  1) . 

If  the  position  of  Watsor.  and  Crick  is  covre't,  according 
to  which  the  biological  specificity  of  DNA  is  determined  the 
character  of  the  arrangement  of  purine  and  pyrimidine  bases 
in  its  molecules,  an  experimentally  produced  alteration  of 
the  nucleotide  composition  of  the  DNA  of  live  cells  should 
appear  in  a  change  of  the  hereditary  properties  of  the  micro¬ 
organisms. 

Dased  on  this  premise,  Zamenhof  and  others  (195^,  1956) 


carried  out  investigations  on  colon  bacilli,  replacing  the 
pyrimidine  base  of  DMA  thymine  with  its  structural  analogues 
5-bromuracil,  5-chiorurrcil  and  5-ic-ouracil .  The  changes 
observed  in  the  experiments  could  no*  be  considered  genoty¬ 
pic.  ... 


In  culturing  microorganisms  on  medl  i  containing  these  sub¬ 
stances,  18-2?'  percent  of  the  DNA  thymine  was  replaced  by 
its  analogues,  which  was  considered  by  the  authors,  as  a 
marked  alteration  of  the  suggested  heredity  determinant. 
However,  only  reversible  changes  in  the  colony  morphology 
and  form  of  the  cells  occurred,  which  were  maintained  for 
several  transplantations.  The  authors  explained  this  by 
the  fact  that  the  assimilation  occurred  only  in  genetically 
inactive  molecules. 

In  the  experiments  of  Dunn  and  Smith  (195*0  performed  cn 
bacteriophages  T2  and  Tn,  it  was  shown  that  the  phages  con¬ 
taining  5-iodouracil  and  5-bromuracil  were  indistinguishable 
from  the  normal  on  electron  microscopy.  However,  50-5-  per¬ 
cent  of  the  particles  lose  their  inf ecticusness. 

For  the  purpose  of  proving  the  possibilities  of  genetic 
control  of  the  various  features  of  the  bacterial  cells  by 
desoxyribonucleic  acid  the  molecular  specificity  of  DNA  is 
being  studied,  that  is,  the  heterogeneity  of  the  molecules 
in  a  sample  of  DNA  isolated  from  a  single  source,  including 
in  biologically  active  preparations  0^  desoxyribonucleic 
acid.  Thus,  by  the  fractionation  of  1NA  samples  obtained 
from  various  tissues  and  subsequent  determination  of  the 
nucleotide  composition  of  it  the  heterogeneity  of  the  frac¬ 
tions  obtained  has  been  established. 

Brown  and  Watson  (1953)  published  investigations  showing 
the  lack  of  homogeneity  of  DNA  molecules  of  E.  coli,  of  calf 
thymus  and  of  red  blood  cells  of  man  with  respect  to  their 
interaction  with  histone.  The  authors  carried  out  the  arti¬ 
ficial  adsorption  of  DNA  on  histone,  and  then  washed  It  out 
with  NaCl  solution  of  different  concentrations.  Hereby, 
fractions  were  obtained,  in  whicn  the  interrelationship  of 
the  bases  varied  depending  on  the  concentration  of  the  NaCl 
solution. 


The  same  method  was  used  by  Brov  and  Martin  (1955)  f*-r 
the  analysis  of  the  DNA  of  bacteriogphagc  To,  in  the  com¬ 
position  of  which  two  fractions  were  found. "fraction  A,  con¬ 
taining  about  30  percent  of  the  total  nu^’clc  acid  phosphorus 

with  a  relationship  of  - - adenlne_+_thfflne - j  .9 

quanine  +  oxyinethy-cy  tesine  * 
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and  fraction  B,  containing  70  percent  of  the  total  phosphorus, 
where  the  ratio  mentioned  above  was  equal  to  2.15. 

According  tc  the  data  of  Bendich,  ’ussel  Brown  (1953)/ 
in  DNA  preparations  obtained  from  ort'  ns  of  ra.j,  two  frac¬ 
tions  were  obtained  which  were  different  in  their  solubil¬ 
ities  in  0.85  percent  NaCl.  The  interrelationship  of  these 
fractions  in  the  DNA  of  different  orr  ans  varies. 

In  the  study  of  the  DNA  of  the  colon  bacillus  cultured  on 
a  medium  with  tagged  5-bromuracil,  Bendich,  Pahl  and  Brown 
(1957)  established  the  heterogeneity  of  it  with  respect  to 
the  incorporation  of  this  pyrimidine. 

Lerman  (1955)  subjected  the  transforming  factor  extracted 
from  pneumococci  to  fraction? tion.  By  means  of  chromatog¬ 
raphy  he  established  the  heterogeneity  of  this  factor  and 
obtained  homogeneous  fractions  preserving  their  chromatogra¬ 
phic  identity  on  repeated  fractionation. 

Marmur  and  Fluke  (1955)  attempted  to  show  differences  in 
the  molecules  of  biologically  active  DNA  of  pneumococci  by 
means  of  ionization  with  electrons.  They  made  use  of  desoxy¬ 
ribonucleic  acid  Isolated  from  a  strain  possessing  four  tag¬ 
ged  features:  the  capacity  of  utilizing  mannitol,  resistance 
to  penicillin,  streptomycin  and  sulfonamides.  After  electronic 
bombardment  of  the  DNA  samples  and  subsequent  testing  of 
their  transforming  activity,  no  differences  were  observed 
in  the  frequency  of  transformations  of  the  individual  features. 
Only  a  parallel  reduction  of  transforming  activity  was  noted 
with  respect  to  all  the  features,  the  degree  of  which  depen¬ 
ded  on  the  dose  of  electrons  per  square  centime  er. 

The  data  presented  above  are  unconditional  evidence  of 
the  presence  of  c  iferent  fractions  in  the  composition  of 
DNA  preparations  isolated  from  the  same  source.  However,  they 
are  still  Inadequate  for  proving  the  possibility  of  control¬ 
ling  the  infinite  variety  of  properties  and  features  of  mi¬ 
croorganisms  by  desoxyribonucleic  acid. 

Another  type  of  specificity  of  nucleic  acids  is  species 
specificity.  In  the  study  of  the  desoxyribonucleic  acids 
isolated  from  the  organs  and  tissues  of  various  species, 
Chargaff  and  others  established  their  species  specificity 
with  respect  to  their  nucleotide  content  (1950,  1953,  1959, 

1957 • - 

The  investigations  of  Ki  Yong  Lee,  Wahl  and  Barbu  (1356) 
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and  of  Spirin  and  co-authors  (1956,1957)  attest  to  the 
species  specificity  of  DNA  of  bacteria.  In  these  investiga¬ 
tions  it  was  shown  that  the  relationship  ^adenl'ne'r’ t h'°'nl n'b' 
varies  in  distantly  related  species  of  microorganisms,  who* e- 
as  there  are  slight  differences  in  closely  related  species. 


n. 


Thus,  according  to  the  data  of  Spirin  (Belozerskiy,  1957)* 

the  relationship  $  in  Clostridium  perfringens  is  0,45; 

in  Staphylococcus  pyogeneb  aureus,  0.53;  in  Proteus  vulgaris, 
0.68;  in  Salm.  typhi  murium,  1.18;  in  M*  tuberculosis  BOG, 
2,08;  and  in  Actinomyces  globisporus  Streptomycin!,  2.73. 

Within  the  limits  of  the  bacteria  of  the  colon-typhoid 
group  the  nucleotide  content  of  the  DNA  of  bacteria  of  var¬ 
ious  species  was  very  similar;  the  relationship  indicated 
above  wa„  equal  to  1.09  in  E,  coli,  1.15  in  Shigella  dysen- 
teriae,  1.14  in  Salm.  typhosa,  and  1.18  in  Salm.  typhi  mur¬ 
ium. 


The  data  concerning  the  chemical  differences  in  desoxy¬ 
ribonucleic  acids  of  certain  bacteriophages  are  interesting. 
It  has  been  established  that  DNA  of  phages  T2,  T4  and  Tg 
contains  5-oxymethylcytosine  instead  of  the  pyrimidine  cyto¬ 
sine  base  characteristic  of  the  other  desoyribonucleic  acids. 
In  the  nucleotides  of  the  DNA  of  these  bacteriophages  glucose 
is  found  (Cohen.  1956;  Wyatt  and  Cohen,  1953;  Volkin,  1954; 
Sinsheimer,  1954;  Asaitis,  1957). 


i 


* 


The  investigations  of  Blix,  Hand  and  Stacey  attest  to 
the  serologic  specificity  of  DNA  (1954). 


DNA  isolated  from  thymus  proved  to  be  highly  antigenic 
when  injected  into  rabbits.  The  antiserum  obtained  gave  only 
weak  cross-reactions  with  certain  DNA  preparations  isolated 
from  other  sources. 

The  data  on  the  species  specificity  of  DNA  acquire  great 
significance  in  the  study  of  the  change  of  the  nucleotide 
content  of  DNA  in  the  process  of  variability  in  comparison 
with  the  change  of  the  biological  properties  of  the  micro¬ 
organisms.  Chargaff  established  that  the  nucleotide  compo¬ 
sition  of  different  variants  of  one  species  of  microorgan¬ 
isms  was  constant  (1952).  Investigations  carv’ed  out  at  the 
Institute  of  Epidemiology  imeni  Gamalei  and  in  the  depart¬ 
ment  of  plant  biochemistry  of  Moscow  State  University  attest 
to  the  fact  that  the  alteration  of  the  biological  properties 
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and  antigenic  composition  of  microorganisms  correlates  v;ith 
the  change  of  the  nuclectide  content  of  their  DNA  (Timakov 
and  ethers,  1955;  Belozerskiy  and  others,  1955;  Timakov,  1953; 
Spirin  and  others,  1958  . 

Thus,  the  base-formirg  variants  obtained  from  the  bacteria 
of  the  coj.on  group  are  r  arkedly  different  in  their  biologic 
properties,  chemical  composition  and  antigenic  structure 
from  the  original  cultuies,  and  have  a  markedly  different 

rr  c 

nucleotide  composition  of  the  DNA:  - -  In  the  alh-ligenoua 

^  +  t  M 

bacteria  was  equal  to  2,03;  in  the  colon  bacillus  (original 
culture),  1,10.  No  notable  changes  in  RNA  content  were 
found  here.  The  nucleotide  content  of  the  para  typhoid- llic* 
variant  obtained  from  the  alkali-former  urn  or  the  influence 
of  killed  Breslau  paratyphoid  bacteria  was  similar  to  that 
of  the  directing  culture  but  did  not  coincide  with  the  lat¬ 
ter  (1.24  in  the  Da ra typhoid- like  organism  and  1,18  in  para¬ 
typhoid  organisms),  which  is  in  agreement  with  certain  dif¬ 
ferences  in  the  biological  properties  of  the  paratyphoid- 
like  variant  and  of  Breslau  bacteria. 

The  species  specificity  of  DNA  is  of  lndubita!  le  inter¬ 
est.  However,  one  cannot  help  agreeing  with  Herrhey  (1956) 
that  the  proof  of  this  kind  of  specificity  only  places  ENA 
in  a  line  with  other  specific  substances  such  as  proteins, 
polysaccharides,  etc.  and  does  not  attest  to  its  preferen¬ 
tial  genetic  role. 

In  recent  years,  the  attention  of  many  investigators  oc¬ 
cupied  in  the  study  of  the  genetic  role  of  the  nucleic  acids 
has  been  attracted  to  the  virus-bacteriophages  which  ce  re¬ 
garded  as  sources  of  a  relatively  pure  genetic  substance. 

The  investigations  of  Hershey  and  Chase  published  in  1352 
contributed  to  this;  here,  it  was  shown  in  a  number  of  pre¬ 
cise  and  clever  experiments  that  in  phage  infection  the  p^- 
teln  membrane  of  the  virus  remains  outside  of  the  bacterial 
cell,  while  the  process  of  reproduction  of  it  Is  indu-i  by 
the  desoxyribonucleic  acid  introduced  into  the  bacter  :ti. 

In  addition,  investigations  on  the  study  of  the  process 
of  reproduction  of  particles  of  ph3ge  are  being  conduced 
weth  the  aim  of  clarifying  the  mechanism  of  the  phenomenon 
of  transduction.  This  phenomenon  is  reproduced  by  mea~s  of 
certain  bacteriophages  and  is  regarded  by  the  ma.ority  of 
investigators  as  a  consequence  of  the  transf  r  of  DNA  from 
one  host  to  another,  that  is,  as  a  transformation  rea^ion 
In  which  the  bacteriophage  contributes  to  the  penetration 


of  the  transforming  agent  Into  the  bacteria. 

Hershey  and  Chase  (1952)  confirmed  the  data  of  Anderson 
and  others  (1953) ,  attesting  to  the  possibility  of  a  divis¬ 
ion  of  phage  particles  Into  protean  membranes  and  DNA,  lib¬ 
erated  Into  the  medium  through  osmetic  shock. 


Under  conditions  where  the  microorganism ?  were  subjected 
to  marked  mechanical  effects  at  the  beginning  of  the  latent 
period  and  to  subsequent  centrifugation,  the  basic  quantity 
(80  percent)  of  the  protein  of  the  plage  membranes  was  found 
in  the  sediment,  which  did  not  ihterfere  with  the  formation 
of  a  normal  phage  progency. 


In  experiments  on  the  adsorption  of  the  phage  on  to  bac¬ 
terial  "membranes"  obtained  by  means  of  the  preliminary  des¬ 
truction  of  bacteria,  DNA  was  poured  directly  into  the  medium, 
and  the  protein  membranes  were  precipitated  together  with 
the  bacteria  in  the  process  of  centrifugation. 


These  data  permitted  the  authors  to  assert  that  after  the 
adsorption  of  the  phage  the  DNA  of  the  virus  is  introduced 
into  the  cell,  after  which  its  protein  membrane  has  no  sig¬ 
nificance. 

Puck  and  Lee  (1955)  came  to  the  seme  conclusions.  In  the 
process  of  penetration  of  the  cell  wall  by  bacterial  virus 
they  distinguished  the  following  stages:  reversible  elec¬ 
trostatic  attachment,  splitting-off  o*'  the  DNA  of  the  v^rus 
from  the  protein,  the  beginning  of  the  lytic  reaction  at  the 
site  of  attachment  of  the  virus,  the  injection  of  the  DNA 
of  the  virus  into  the  opening  formed  in  the  wall  of  the  bac¬ 
terial  cell,  the  spread  of  the  lytic  reaction  to  the  entire 
cell  surface,  the  closure  of  the  opening  and  the  decrease 
of  cellular  permeability. 


The  mechanism  by  means  of  which  the  nucleic  acid  is  in¬ 
jected  into  the  cell  has  not  been  clarified. 

It  has  been  established  that  the  protein  membrane  of  the 
phage  has  four  different  components:  the  protein  of  the  head, 
the  protein  of  the  proximal  part,  of  the  tail,  and  the  pi'o¬ 
tein  of  the  distal  ( terminal)  part  of  the  tail  and  the  inner 
rod  of  the  tail.  The  protein  nature  of  the  fourth  component 
has  not  been  shown;  however,  the  desoxyrlbonuclease  does  not 
produce  changes  in  its  structure  (Kellenberger  and  Arker, 
1955). 
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The  phage  is  adsorbed  by  the  terminal  part  of  the  tail; 
the  lytic  activity  is  most  marked  in  the  proximal  portion. 

The  terminal  part  can  be  removed  through  the  action  of  met¬ 
als  of  the  zinc  group  in  tl.e  presence  of  cyanide  and  certain 
other  substances;  amino  acids,  proteins  and  others  (Kozloff 
and  Henderson,  1955;  Kozloff,  1956).  Here,  the  upper  part 
of  the  membrane  of  the  tail  is  contracted,  as  a  result  of 
which  the  rod  is  laid  bare,  it  is  assumed  that  such  a  dis¬ 
ruption  of  the  protein  connections  In  the  terminal  part  of 
the  tail  occurs  in  the  process  of  injection  of  the  DNA  into 
the  bacterial  cell,  in  the  membrane  of  which  the  above  men¬ 
tioned  lon3  are  found  (Barrington  and  Kozloff,  1956;  Brown 
and  Kozloff,  1957).  In  this  process,  Evans  (1956)  disting¬ 
uished  four  periods:  adsorption,  removal  of  the  distal  part 
of  the  tail,  lysis  of  the  wall  of  the  bacterial  cell  at 
the  site  of  attachment  of  the  phage,  injection  of  the  ir  ier 
rod  of  the  tail  into  the  cell  together  with  tne  ENA. 

It  is  not  known  whether  the  rod  contributes  mechanics: ly 
to  the  injection  of  the  nucleic  acid  or  carries  the  cher' - 
cally  active  substances  within  itself. 

The  penetration  of  a  certain  part  of  the  protein  into 
the  infected  bacterium  was  shown  in  the  work  of  Hershey  nd 
Chase  (1952).  In  the  later  investigations  of  Hershey  (l^.?6) 
it  was  shown  that  in  the  substrate  obtained  through  the 
osmotic  shock  of  bacteriophage  Tg,  apart  from  the  phage  mem¬ 
branes  identifiable  microscopically  and  possessing  a  defin¬ 
ite  speed  of  precipitation,  the  capacity  of  being  specif! -- 
cally  adsorbed  onto  the  bacteria,  being  precipitated  by  ;.ie 
antiphage  serum  and  killing  the  corresponding  microorgan¬ 
isms,  there  is  found  one  to  four  percent  of  non-precipit  .ble 
protein,  which  does  not  correspond  to  the  characteristic  a 
of  protein  membranes.  In  infection,  this  protein  Is  injected 
into  the  bacterial  cells,  which  in  consideration  of  a  nu  her 
of  other  factors  attesting  to  the  poscit  significance  cf 
protein  components  in  the  process  of  DNA  synthesis  raises  a 
problem  with  respect  to  the  assertion  of  its  exclusive  gen¬ 
etic  significance  in  the  process  of  reproduction,  of  the 
bacteriophage . 

As  proof  of  the  presence  of  the  genetic  determinants  and 
the  determination  of  their  nature  the  process  is  being  si¬ 
dled  of  the  transfer  of  the  Individual  comp.  vents  of  the 
itial  particles  of  the  phage  to  the  newly  forme  a  progeny. 

It  is  well  known  that  in  the  later.-  period  the  phi  *o  re¬ 
ticles  infecting  the  cells  are  subjected  to  destruction. 


Even  with  a  great  multitude  of  Infections  (seven  par  vide  s 
of  the  phage  per  single  bacterium),  artificially  lysing  the 
cells  at  various  intervals  of  ‘he  latent  period  it  is  not 
possible  to  find  initial  partides  of  the  phage  (Anderson 
and  Derman,  1952;  Derman,  1952) .  The  DNA  of  the  phage  is 
a  component  part  of  the  organi'.ed  structures  of  the  bacter¬ 
ial  cell  over  the  course  of  the  latent  period,  is  not  liber¬ 
ated  in  the  artificial  disruption  of  the  cells  and  is  pre¬ 
cipitated  with  the  bacterial  "membranes"  (Hershey  and  Chase, 
1952) . 

In  the  infection  of  E.  coli  'ith  T5  phage  tagged  with  P^2, 
a  great  part  of  the  phosphorus  if  the  nucleic  acid  of  the 
original  particles  in  the  untag*  id  medium  is  found  in  the 
medium  in  the  form  of  low  molecular-weight  unprecipitable 
phosphorus,  but  22-42  percent  is  transmitted  to  the  phage 
progeny  (Putnam  and  Kozloff,  195>)* 

Similar  reeulto  with  respect  ',0  the  transfer  of  phosphorus 
were  obtained  by  Graham  and  Hersl iy  and  others  (Graham,  1953). 


Graham  established  tn*.  fact  that  almost  the  entire  phos¬ 
phorus  is  contained  in  the  newly  formed  particles  of  phage, 
while  85  percent  of  the  progeny  do  not  contain  the  parent 
phosphorus  at  all  or  contain  very  slight  amounts  of  it.  This 
has  made  it  possible  for  him  to  draw  the  conclusion  that  the 
transmission  of  the  phosphorus  (that  is,  the  nucleic  acid 
phosphorus)  is  not  necessary  for  the  transfer  of  the  heredi¬ 
tary  properties. 


Levinthal  (1956),  by  means  of  microscopy  of  traces  left 
in  highly  sensitive  photographic  film  by  individual  radio¬ 
active  phage  particles  tagged  with  p32  showed  that  the  DNA 
of  each  particle  consists  of  one  large  and  many  small  struc¬ 
tures.  In  his  opinion,  the  large  structure  is  divided  into 
no  more  than  two  parts  and  is  transmitted  by  the  first  two 
particles  of  the  newly  formed  bacteriophages,  while  the 
small  ones  are  distributed  among  the  many  daughter  particle  3, 
nuclei  of  which  are  copied  in  the  course  of  reproduction  from 
the  large  particle  of  the  initial  phage. 


Levinthal 's  data  attest  to  the  possible  genetic  role  of 
DNA  of  the  phage  in  the  absence  of  a  correlation  between  the 
transfer  of  the  hereditary  properties  of  the  newly  formed 
particles  and  a  direct  transmission  of  the  phosphorus  to  the 
progeny. 

According  to  the  investigations  of  Kozloff  (1952),  trans- 
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mission  of  the  DNA  particles  fco  the  progeny  occurs  through 
the  products  of  decomposition  rather  than  directly.  The  dif¬ 
ference  in  the  Interrelationship  of  the  tagged  phosphorus 
and  nitrogen  in  the  original  and  newly  formed  bacteriophages 
serves  as  proof  of  this. 

Concerning  the  protein  components  it  is  well  known  that 
in  the  experiments  with  bacteriophages  tagged  with  sulfur, 
an  insignificant  part  (less  than  one  percent)  of  the  sulfur- 
containing  protein  of  the  original  particles  is  transmitted 
to  the  progeny.  The  possibility  of  the  transfer  of  protein 
which  does  not  contain  sulfur  has  not  been  clarified. 

Therefore,  at  the  present  time  it  is  impossible  to  con¬ 
sider  precisely  established  the  presence  of  genetic  units 
transmitted  to  the  phage  progeny  ncr,  particularly,  chemi¬ 
cally  identifying  them. 

In  the  infection  of  bacteria,  a  much  larger  quantity  of 
nucleic  acid  is  Injected  into  them  than  protein  (each  par¬ 
ticle  of  phage  injects  2  x  10”^  gamma  of  DNA  and  1/10  of 
protein).  The  quantity  of  these  components  in  the  mature 
bacteriophages  is  approximately  equal  (40-50  percent  DNA  and 
50-60  percent  of  protein) .  This  speaks  for  the  greater  im¬ 
portance  of  nucleic  acid  for  the  process  of  reproduction  of 
the  phage,  but  does  not  attest  to  the  autonomy  of  its  syn¬ 
thesis. 

Experiments  with  synthesis  inhibitors  as  well  as  experi¬ 
ments  on  microorganisms  which  need  individual  amino  acids 
and  which  are  not  capable  of  synthesis  of  proteins  in  the 
absence  of  these  compounds  are  contributing  to  the  elucida¬ 
tion  of  the  problem  of  the  independent  formation  of  DNA. 
(Hershey,  1956;  Hershey  and  Melechen,  1957;  Barton,  1255, 
1956;  Tomitsawa  and  Sunikawa,  1956;  Rosenbaum  and  others, 
1955). 

In  experiments  with  definite  bacteriophages  it  has  been 
shown  that  the  DNA  of  the  phage  containing  5-oxymethylcyto- 
sine  is  found  In  the  infected  cell  as  early  as  three  minutes 
after  the  infection.  The  phage  protein  is  synthesized  some¬ 
what  later.  However,  for  the  purpose  of  beginning  the  syn¬ 
thesis  of  the  nucleic  acid  of  the  virus,  conditions  are 
needed  for  assuring  the  possibility  of  the  synthesis  of  the 
protein  of  the  bacterial  cell. 

Thus,  in  the  infection  of  the  auxotrophic  variants  of  E. 
coli  in  the  medium  deprived  of  aminoaclds  corresponding  to 
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their  requirements,  DNA  of  the  phage  is  not  formed.  The  same 
effect  was  obtained  after  the  addition  of  5-methyl  trypto- 
phase  to  the  infected  culture,  which  is  an  antimetabolite 
and  presents  the  formation  of  tryptophane. 

The  addition  of  chlormvcetln  and  chloramphenicol  (inhibi¬ 
tors  of  protei:  synthesis)  in  the  first  few  minutes  after 
the  infection  also  depresses  the  formation  of  the  phage  DNA. 

Protein  synthesis  has  importance  only  for  the  onset  of 
the  formation  of  DNA  (first  five  to  ten  minutes).  Later, 
it  may  be  stopped  without  harm  to  the  synthesis  of  nucleic 
acid. 

The  nature  and  function  of  protein,  the  formation  of 
which  is  needed  for  the  beginning  of  DNA  synthesis,  has  not 
been  clarified.  It  is  supposed  that  the  enzymes  formed  in 
its  composition  condition  the  synthesis  of  nucleic  acid  of 
the  phage.  In  the  opinion  of  Hershey,  probably  this  protein 
is  the  pattern  for  determining  the  sequence  of  the  nucleo¬ 
tides  in  the  molecules  of  the  newly  formed  DNA.  The  genetic 
role  in  such  a  case  belongs  to  the  protein. 

It  has  been  established  in  a  number  of  investigations 
that  in  the  artificial  lysing  of  infected  bacteria  at  the 
end  of  the  latent  period  the  components  of  the  phage  par¬ 
ticles  (pzx>tein  and  nucleic  acid)  are  found  separately.  The 
predecessors  of  the  membranes,  which  have  received  the  name 
of  "doughnuts",  practically  contain  no  phosphorus,  that  is, 
they  have  no  nucleic  acid  (De  Mars,  Luria,  Fischer,  Levinthal, 
1953) .  It  is  not  known  whether  a  separation  of  the  compon¬ 
ents  occurs  in  the  course  of  the  processing  or  whether  the 
phage  predecessors  are  formed  separately.  In  principle,  the 
question  is  important  as  to  which  of  these  predecessors  is 
formed  first.  Their  onsets  of  formation  are  only  very 
slightly  different  in  time. 

Melechen  and  Hershey  carried  out  investigations  with  the 
aim  of  elucidating  whether  DNA  of  phage  can  be  formed  with¬ 
out  considerable  formation  of  phage  protein.  Thereby,  Chlor¬ 
omycetin,  was  added  to  the  infected  bacteria  seven  minutes 
after  the  infection;  it  suppressed  the  synthesis  of  protein. 

At  45  minutes,  the  Chloromycetin  was  removed  and  the  culture 
wa3  again  suspended  in  the  medium  (Hershey,  1956) . 

During  the  time  the  infected  culture  was  in  the  medium 
with  the  Chloromycetin  100  phage-equivalent  units  of  DNA 
were  formed  and,  at  most,  10  phage-equivalent  units  of  pro- 


tein;  the  major  part  of  the  latter  was  synthesized  before  the 
addition  of  the  Chloromycetin.  P. fter  the  removal  of  the 
Chloromycetin,  the  formation  of  normal  phage  particles  was 
noted. 

If  the  DNA  formed  after  the  removal  of  the  chlormycetin 
(that  is,  DNA  formed  under  conditions  of  normal  protein  syn¬ 
thesis)  is  tagged  with  P^2,  and  then  the  content  of  nucleic 
acid  formed  in  the  presence  of  chlormycetin  and  after  its 
removal  is  determined  In  the  mature  phage  oarticles,  it  is 
shown  that  they  contain  no  more  than  one  percent  tagged  DNA. 

Thee^  data  r.peak  for  the  fact  chat  chlormycetin  and  post- 
chlormycetic  acid  when  injected  into  the  protein  membrane 
complete  on  an  equal  basis,  which  attests  to  the  normal  func¬ 
tional  capacity  of  the  desoxyribonucleic  acid  formed  with¬ 
out  the  simultaneous  synthesis  of  protein,  ana,  therefore, 
also  to  the  separate  formation  of  DNA  and  pro sc in  in  the  pro¬ 
cess  of  reproduction  of  the  bacteriophage.  However,  the 
data  presented  above,  in  the  opinion  of  the  authors,  still 
do  not  prove  the  genetic  role  of  DNA,  because  the  signifi¬ 
cance  of  the  protein  component  associated  with  the  nucleic 
acid  ir.  the  terminal  phase  of  formation  of  the  phage  renr  ml 
unclear,  as  does  also  the  significance  of  the  protein  tb ■ 
formation  of  which,  as  has  been  mentioned  above,  must  of 
necessity  precede  the  synthesis  of  rucleic  acid. 

Ir  ,’estigations  on  the  study  of  the  possibility  of  trans¬ 
fer  of  DNA  particles  from  some  microorganisms  to  others  by 
means  of  bacteriophages  have  been  devotea  to  the  elucidation 
of  tne  role  of  desoxyribonucleic  acid  in  the  heredity  and 
variability  of  microorganisms.  Suppositions  concerning  the 
possibility  of  such  i  f  .nsfer  are  based  on  data  concerning 
the  phenomenon  of  transduction  which  has  many  features  in 
common  with  the  reaction  of  transformation,  which  arises 
through  the  direct  action  of  DNA  on  the  bacterial  cell. 

The  first  Investigations  on  the  reproduction  of  the  phen¬ 
omenon  of  transduction  were  published  by  Lederberg,  Leder- 
berg,  Zinder  and  Lively  (1951).  Their  experiments  were  car¬ 
ried  out  on  salmonellae  of  22  phagotypes,  the  diauxotrophic 
variants  of  which  were  used  in  the  capacity  of  the  original 
cultures.  After  the  cultivation  of  two  auxotrophs  needing 
various  substances  in  a  mixed  culture  and  subsequent  plat¬ 
ing  out  of  them  on  medium  deprived  of  the  gi’ren  sources  of 
nutrition,  the  growth  of  prototrephs  was  o.  sc:.'/rfd. 

In  the  subsequent  experiments  an  active  transforming  t.v- 


tract  was  obtained  through  the  action  of  mild-acting  bacter¬ 
iophage  isolated  from  the  lysogenic  culture.  After  the  ac¬ 
tion  on  auxotrophs  of  phage  lysate  obtained  through  the 
cultivation  of  phage  on  a  culture  of  prototrophs,  the  auxo¬ 
trophic  variants  acquired  the  capacity  of  growing  in  a  med¬ 
ium  deprived  of  a  source  of  organic  nitrogen. 

Zinder  and  Lederberg  (1952,  1953 >  1955)  carried  out  in¬ 
vestigations  on  a  directed  alteration  of  the  fermentative 
activity,  antigenic  structure,  and  sensitivity  to  antibiot¬ 
ics  of  salmonellae  by  means  of  mild  bacteriophage. 

In  the  work  of  Stocker,  Zinder  and  Lederberg  (1953)  the 
O-variants  of  the  salmonellae  were  used  in  the  capacity  of 
microorganisms  to  be  altered.  The  first  group  of  experi¬ 
ments  was  performed  on  the  O-variants  of  the  salmonellae, 
which  had  lost  their  H-antigens.  After  the  action  on  them 
of  phage  lysates  of  a  motile  culture,  the  H-antigens  of 
which  were  different  from  the  H-antigens  lost  by  the  given 
0- variant,  motile  variants  were  found  in  the  majority  of 
cases  which  had  H-antigens  similar  to  that  previously  lost 
and  not  to  that  which  was  contained  in  the  directing  cul¬ 
ture. 

In  the  second  group  of  experiments,  types  of  salmonellae 
were  used  in  which  the  presence  of  H-variants  was  unknown. 

Here,  the  majority  of  the  transduced  motile  strains  had 
H-antigens  corresponding  to  the  donor  strain,  with  the  ex¬ 
ception  of  some  which,  in  combination  with  the  O-antigens, 
were  characterized  as  S.  heidelberg,  S.  paratyphi  B.,  and 
S.  dublin. 

Acquisition  of  motility  was  observed  after  the  treatment 
of  non-motile  O-variants  with  phage  lysates  of  O-cultures 
which  were  also  non-motile.  Flagellar  antigens  were  also 
acquired  in  parallel  with  this, 

Kaufman  (1953)  performed  100  experiments  in  altering  the 
antigenic  structure  of  salmonellae;  in  73  of  them  a  posi¬ 
tive  result  was  obtained.  Here,  as  in  the  work  of  Stocker, 
Zinder  and  Lederberg,  the  atlered  microorganisms  simultane¬ 
ously  acquired  motility  and  flagellar  antigens.  In  addi¬ 
tion,  Kaufman  described  a  case  of  simultaneous  alteration 
of  the  "H"  and  th*  "0"  antigens. 

Groman  and  Freeman  and  others  published  a  series  of  stu¬ 
dies  (Freeman,  1952;  Freeman  and  Morse,  1952;  Groman,  1953/ 
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1955;  Groman  and  Eaton,  1955)  In  which  a  conversion  is  des¬ 
cribed  of  non-toxic  diphtheria  cultures  obtained  from  a 
single  cell  into  virulent  and  toxic  cultures  under  the  in¬ 
fluence  of  mild-acting  bacteriophage  isolated  from  a  lyso¬ 
genic  Virulent  culture. 

The  experiments  of  Parsons  and  Fro'oischer  give  evidence 
of  the  possibility  of  acquisition  of  virulence  by  avirulent 
diphtheria  microorganisms  under  the  influence  of  bacterio¬ 
phages  isolated  from  avirulent  cultures  (Parsons  and  Fro- 
bischer,  1951,  1953;  Parsons,  1955). 

Baron  (1953)  published  data  on  the  alteration  of  the 
fermentative  activity  of  saimonellae  of  various  types  con¬ 
taining  and  not  containing  Vi-antigen  under  the  influence 
of  Vi-bacteriophages.  The  altered  microorganisms  did  not 
become  lysogenic. 

Aside  from  the  work  presented  above,  there  are  a  number 
of  reports  in  the  literature  concerning  a  directed  alter¬ 
ation  under  the  influence  of  phage  lysates  of  somatic  anti- 

?ens,  mobility,  virulence  and  a  number  of  other  properties 
Baron,  Formal  and  Spilman,  1953;  Felsenfeld,  195^;  Edwards 
and  others,  1955;  Narbutovich,  1955;  Uetake  and  others,  1955; 
Bailey,  1956;  Baron,  Formal  and  Washington,  1957). 

In  the  reaction  of  transformation  the  phenomenon  of  trans¬ 
duction  primarily  approximates  the  fact  that  in  either  case 
the  sterile  substrate  which  has  no  living  bacterial  cells 
possesses  transforming  activity.  In  one  cell,  in  the  major¬ 
ity  of  cases,  a  single  feature  is  altered  but  in  different 
bacteria  in  the  population  different  features  are  changed 
New  properties  acquired  as  the  result  of  a  transduction  re¬ 
action  as  well  as  after  the  action  of  DNA  are  stable  and  are 
transmitted  hereditarily. 

It  is  well  known  that  DNA  of  phage  is  synthesized  basi¬ 
cally  from  the  elements  of  the  medium  assimilated  by  the 
cell  after  infection.  Thus,  Cohen  (19^7,  19^8)  in  experi¬ 
ments  with  bacteriophages  To  and  showed  that  after  the 
infection  of  bacteria  taggecl  with  radioactive  phosphorus  in 
a  medium  free  of  the  latter,  the  phage  contains  approximately 
80  percent  of  the  phosphorus  of  the  medium.  When  the  experi¬ 
ment  was  performed  in  a  reverse  manner,  where  normal  bac¬ 
teria  was  infected  with  the  phage  in  a  medium  with  p32,  the 
radioactivity  of  the  virus  phosphorus  amounted  to  75  per¬ 
cent. 
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Similar  data  were  obtained  ty  Kozloff  and  Putnam  (1950, 
1948)  with  respect  to  bacteriopiage  Tg.  They  showed  that 
7C  percent  of  the  DNA  phosphorus  of  this  phage  comes  from 
the  medium . 

The  remaining  portion  of  the  .-hosphorus  of  the  DNA  of  the 
virus  is  obtained  from  the  material  present  in  the  cell  at 
the  time  of  the  infection.  The  experiments  of  Kozloff  and 
Putnam,  performed  on  differential,  y  tagged  bacterial  cells, 
attest  to  the  fact  that  approximately  30  percent  of  the 
phosphorus  of  bacteriohage  Tg  comes  from  the  host  cell.  The 
results  obtained  by  them  give  us  1  \e  basis  for,  believing 
that  DNA  of  the  phage  is  formed  fr-iin  the  DNA  of  the  host. 

Kozloff,  Nolton,  Putnari  and  Evans  (1951)  in  experiments 
with  E.  coll  tagged  with  P^2  and  N^  established  the  fact 
that  16-43  percent  of  the  DNA  of  t  e  Tg  phage,  which  is  dis¬ 
tributed  among  all  the  newly  formed  phage  corpuscles,  has 
a  bacterial  origin. 

Based  on  the  data  presented  above  concerning  the  partici¬ 
pation  of  the  bacterial  DNA  in  the  ■'ynthesis  of  the  nucleic 
acid  of  thephage,  it  is  believed  that  part  of  the  DNA  of  the 
host  enters  into  the  composition  of  the  phage  without  losing 
specificity,  and  is  injected  into  the  bacterial  cell  with  a 
subsequent  infection.  The  direct  transmission  of  the  DNA  of 
the  bacteria  to  the  phage  experimentally  has  not  been  con¬ 
firmed,  On  the  other  hand,  it  has  been  shown  that  ur der  the 
influence  of  nucleic  acid  of  the  phage  the  desoxyrilonuc- 
lease  of  the  uacterlal  cell  is  activated,  which  proruces  a 
degradation  of  its  DNA,  The  fragments  of  the  latter  are 
broken  down  to  nucleosides,  after  which  they  axe  used  for 
the  synthesis  of  the  DNA  of  the  virus.  However,  taking  in¬ 
to  consideration  the  extremely  low  concentrations  of  the 
solutions  possessing  transforming  activity  in  In  vitro  ex¬ 
periments  (1:600  million),  it  is  apparently  impossiV.e  to 
exclude  completely  the  possible  significance  of  the  i-irec;-; 
transmission  of  such  an  insignificant  quantity  of  bacterial 
nucleic  acid,  which  cannot  be  determined  by  the  methods  of 
investigation  used. 

In  the  process  of  reproduction  of  the  bacteriophage  not 
only  the  DNA  is  used  but  also  the  protein  components  of  h)st 
cells.  Thus,  Kozloff  and  co-authors  (Kozloff,  Nolton,  Pv> 
nam,  Evans,  1951)  showed  that  five  to  25  percent  of  the  ;o  o- 
teln  of  the  bacterial  cell  goes  into  the  formation  of  th< 
progeny  of  the  phage. 


Thus,  data  or  -ained  in  experiments  on  the  elucidation  of 
the  mechanism  o'  the  phenomenon  of  transduction,  like  re¬ 
sults  of  investigations  on  the  study  of  the  nature  of  com¬ 
ponents  transmitted  from  the  original  pht.ge  particles  to 
the  progeny,  dr  not  introduce  sufficient  lari:/  into  the 
problem  of  the  genetic  role  of  desoxyribo  ucl'  lc  acid. 

As  is  well  known,  in  the  experiments  o.  the  transforma¬ 
tion  of  microorganisms  under  the  inf luenc  .  of  bacterial  ex¬ 
tracts  containing  chiefly  DNA,  even  the  rr  st  purified,  act¬ 
ive  substrates  <  sntain  no  less  than  0.02  percent  prouein, 
the  role  of  which  remains  unclarified  to  date.  As  seen  from 
the  data  presented  above,  the  significance  of  the  protein 
component  remains  unclarified  also  in  the  case  of  reproduc¬ 
tion  of  the  transduction  phenomenon.  In  afition,  in  the 
very  phenomenon  of  transduction  there  are  rr  ny  factors  which 
are  still  unexplained,  and  the  conclusions  -  '•awn  on  the  basis 
of  the  study  of  it  are  often  contradictory. 

Thus,  while  in  the  reproduction  of  the  tr insformation 
phenomenon  the  properties  of  the  donor  strain  are  usually 
transmitted  to  the  recipient  strain,  in  tran  duction  in 
certain  cases  features  arise  in  the  modified  '.uiture  welch 
were  absent  in  the  bacteria,  the  phage  lysat  :  of  which  vras 
used  as  a  directing  substrate. 

For  example,  in  the  investigations  of  Stocker  and  co¬ 
authors  and  of  Kaufman  which  have  been  mentic  nea  on  the-  modi¬ 
fication  of  the  antigenic  structure  of  salmonellae,  the  ac¬ 
quired  antigens,  in  the  majority  of  cases,  did  not  corres¬ 
pond  to  the  antigens  of  the  donor  strain.  When  microorgan¬ 
isms  which  had  previously  lost  their  antigens  were  usen  in 
the  capacity  of  a  culture  to  be  modified,  the  formation 
specifically  of  these  antigens  was  observed,  antigens  which 
were  absent  in  the  directing  culture. 

While  in  the  experiments  of  Freeman  and  Grcman  and  others 
the  avirulent  non-toxigenic  cultures  of  diphtheria  micro¬ 
organisms  became  virulent  under  the  Influence  of  the  phage 
isolated  from  a  virulent  culture,  the  data  of  Parsons  at¬ 
test  to  the  possibility  of  obtaining  virulent  cultures  under 
-he  influence  of  phage  lysate  from  avirulent  microorganisms. 

In  almost  all  cases  the  phenomenon  of  transduction  is 
reproduced  by  means  of  so-called  mid-acting  bacteriophages 
Isolated  from  lysogenic  microorganisms.  As  is  known,  by 
the  term  lysogenicity  is  understood  the  carnage  of  pnage 
by  microbial  cells  in  a  non-infec tious  r.on-pc-th  >genlc  fox 


(prophage)  a  d  their  capacity  to  liberate  bacteriophage  un¬ 
der  certain  conditions,  the  lytic  and  lysogenizing  activity 
of  which  is  expressed  only  with  respect  to  the  other  strain  a 
of  a  given  species,  but  which  does  not  lyse  the  original 
lysogenic  culture.  The  mild-acting  phages  transfer  the 
features  of  bacteria  sensitive  to  their  action  to  the  res¬ 
istant  bacteria.  The  change  of  the  properties  of  the  micro¬ 
organisms  is  accompanied  by  lysogenization  (L'vov,  1953; 
Margarita  Lieb,  1955;  Boyd,  1956). 

On  the  basis  of  the  genetic  experiments  on  the  transfer 
of  prophage-linked  features^  the  conclusion  has  been  drawn 
that  the  latter  are  located  on  the  chromosome,  which  pro¬ 
duces  changes  in  the  properties,  of  the  microorganisms*  How¬ 
ever,  Baron  described  experiments  on  the  alteration  of  the 
properties  of  microbial  cells  by  means  of  ordinary  virulent 
bacteriophages,  where  the  altered  microorganisms  did  not 
become  lysogenic. 

In  Hershey's  opinion  (1957) ,  the  production  of  toxin  in 
C.  dlphtheriae  and  of  antigens  in  certain  salmonellae  does 
not  occur  as  the  result  of  transduction,  by  which  he  under¬ 
stands  a  transfer  of  genetic  material  from  the  bacteria  in 
which  the  last  development  cycle  occurred,  but  rather  as  the 
result  of  infection  by  phage  (lysogenization). 

It  must  be  taken  into  consideration  that  in  the  repro¬ 
duction  of  thephenomenon  of  transduction,  apart  from  the 
possible  significance  of  the  transfer  of  the  bacterial 
nucleic  acid,  processes  occurring  in  the  bacterial  cells 
in  consequence  of  the  injection  of  the  components  of  bacter¬ 
iophage  are  of  definite  importance. 

Only  Individual  strains  of  mild-acting  phages  possess 
tran3ductive  activity.  Thus,  in  the  majority  of  studies 
made  in  the  institutes  of  various  countries,  strains  of 
mild-acting  phages  PLT22  and  lambda  were  used. 

Thus,  there  are  more  unclarifled  factors  in  the  mechan¬ 
ism  of  the  transduction  phenomenon  than  in  the  transforma¬ 
tion  reaction,  produced  by  means  of  biologically  active 
bacterial  extracts. 

After  analyzing  the  data  existing  in  the  literature  con¬ 
cerning  the  mechanism  of  reproduction  of  bacteriophages  and 
the  transformation  of  microorganisms,  Hershey  (1956)  be¬ 
lieves  it  possible  to  consider  them  only  as  a  supplementary 


18 


proof  of  the  genetic  ivle  of  DNA,  giving  it,  however,  great 
significance  as  the  basis  of  chemistry  in  genetics. 

Up  to  the  present  ti.  e,  there  are  still  o  experimental 
data  which  can  be  considered  as  unconditional  proof  of  the 
genetic  role  of  desoxynoonucleic  acid. 

Apart  from  the  fact  tliat  the  role  of  the  protein  compon¬ 
ent  remains  unclarified  in  the  transforming  activity  of 
bacterial  extracts,  a  nu  .ber  of  factors  usually  regarded 
as  proof  of  the  genetic  ''Ole  of  DNA  are  alo.>  far  from  being 
indisputable . 

Thus,  Hotchkiss  (1955;  points  out  that  the  coincidence 
of  the  mutagenic  spectrum  of  action  of  ultra-violet  rays 
with  the  absorption  curve  of  nucleic  acids  .•  n  the  ultra¬ 
violet  range  cannot  serve  as  unconditional  proof  of  the 
direct  participation  of  DNA  in  the  occurrence,  of  nutations, 
because  the  mutagenic  effect  of  the  rays  is  * Iso  signifi¬ 
cantly  expressed  in  the  field  of  the  absorpt.  >n  maximum. 

In  addition,  in  the  event  of  absorption  of  ultra-violet  rays 
by  the  nucleic  acids  or  proteins  the  activated  molecules  may 
produce  changes  of  the  hereditary  properties  not  dii ectly 
but  rather  by  acting  indirectly  on  some  other  compov.ents  of 
the  microbial  cell. 

Here  and  more  data  is  being  accumulated  which  at*  -st  to 
the  possible  genetic  significance  of  ribonucleic  aci..  ( RNA ) , 
The  role  of  RNA  in  the  synthesis  of  proteins  and  particu¬ 
larly  proteins  of  the  bacterial  cell  have  been  shown  by  the 
numerous  investigations  of  the  Bra she  3chool  (1955,  -957). 

It  has  been  established  that  the  proteins  may  be  rnthe- 
sized  by  disrupted  cells,  and  ir.  the  isolated  struct'ma.. 
components  of  cells  (Gail,  1956;  Spiegelman,  1956,  15  57)  . 

It  has  been  shown  by  Kresin  (1957)  that  the  synthesis  f 
a  certain  number  of  proteins  may  be  accomplished  in  systems 
obtained  through  the  destruction  of  cell  granules  consist¬ 
ing  of  protein  and  ribonucleic  acid,  in  the  presence  of 
amino  acids  and  certain  co-factors. 

Data  on  the  role  of  RNA  in  the  synthesis  of  adaptive  en¬ 
zymes  (Gail,  1956)  are  very  interesting.  The  stoppage  of 
synthesis  of  RNA  markedly  inhibits  the  formation  of  enzyme.,. 
When  azaguanlne  (instead  of  guanine)  is  introduced  into  the 
RNA  molecule  the  synthesis  of  adaptive  beta-galactoside s 
stopped.  Introduction  of  azaguanlne  into  the  RNA  molecule 
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of  the  tobacco  mosaic  v.  rus  produces  a  loss  of  iniectivity, 
just  as  the  introductic:  of  structural  analogues  of  thymine 
does  when  introduced  ir.  o  the  RNA  molecules  of  bacterio¬ 
phages. 

It  is  believed  that  the  RNA  molecules  fulfill  the  role 
of  a  pattern  in  the  synthesis  of  enzymes.  However,  it  is 
assumed  to  carry  out  investigations  similar  to  the  investi¬ 
gations  on  the  extraction  of  the  transforming  factor. 

It  is  not  known  whether  specific  RNA  corresponds  with 
each  enzyme.  A  number  f  factors  speak  for  the  presence 
of  such  a  specificity*  -.he  acceleration  of  the  synthesis 
of  catalase  by  the  addition  of  RNA  of  a  homologous  species, 
the  existence  of  enzymes  the  synthesis  of  which  lepends  on 
stable  and  unstable  RNA  ind  others  (Gail). 


In  the  investigations  of  Splrin  distinct  differences  have 
been  shown  in  the  RNA  concent  of  gram-positive  a  .d  gram- 
negative  bacteria  with  the  preservation  of  the  constancy  of 
the  nucleotide  content  of  the  total  RNA  during  various 
growth  periods.  The  nucleotide  content  of  the  total  RNA  is 
altered  in  the  process  of  mutation,  which  has  been  shown  by 
a  comparative  study  of  he  regenerated  filtrablo  forms  and 
of  the  original  colon  £  *oup  of  bacteria. 


The  most  interesting  data  attesting  to  the  genetic  role 
of  RNA  were  obtained  la  investigations  with  plant  virvses 
(Fraenkel-Conrat,  1956;  Fraenkel-Conrat  and  others,  1557  i 
Glerer  and  Schramm,  lh56;  Schramm,  1957). 


Fraenkel-Conrat  1  related  crude  protein  preparations  and 
nucleic  acid  from  thf  crystalline  tobacco  mosaic  viru..  On 
combining  the  components  obtained,  10-15  percent  infertivity 
is  recovered.  When  utilized  in  the  capacity  of  the  original 
viruses  from  which  the  components  mentioned  above  were  ob¬ 
tained,  strains  which  produced  various  disease  symptoms,  die 
newly  formedhybrids  produced  disease  with  symptoms  charac¬ 
teristic  of  the  strain  from  which  the  nucleic  acid  was  ob¬ 


tained,  The  protein  was  similar  to  the  protein  of  the  donor 
strain  of  the  protein  component.  However,  the  progery  of 
the  hybrid  both  immunologically  and  ir.  the  amine  aoit  con¬ 
tent  of  the  protein  was  identical  with  the  donor  vir;  s  c 
the  nucleic  acid. 

Gierer  and  Schramm  showed  that  when  the  RNA  of  t.v  t abac  co 
mosaic  virus  was  injected  into  plant  cells,  virus  prwger.y  a  re 
formed,  and  here  its  protein  component  proceeds  from  th»  plan*" 
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celxs.  The  nucleic  acid  of  the  cirus  oere,  in  their  opinion, 
serves  as  :he  matrix  on  which  a  specific  regulation  of  the 
amino  aci03  occurs. 

In  the  investigations  of  Frankel-C^.irat ,  Gierer  and 
Schramm,  the  significance  of  the  sssidual  infectlvity  of  the 
RNA  remains  disputable  (0.1  to  one  percent  of  the  original), 
which  is  considered  by  the  authors  to  be  due  to  the  infec- 
tivity  of  the  nucleic  acid  itself.  However,  the  genetic 
role  of  some  components  of  the  plant  vi-'uses  deprived  of 
their  desoyrlbonucleic  acid  is  indubitable. 

The  material  presented  above  permits  us  to  conclude  that 
the  genetic  function  of  the  NA  does  not  exhaust  the  mechan¬ 
ism  of  control  of  hereditary  properties  of  microorganisms, 
which  apparently  is  accomplished  by  a  more  complex  system 
of  compounds. 

The  facts  obtained  in  the  study  of  the  transformation  re¬ 
action  cannot  always  be  explained  from  the  poiu:  of  view  of 
genetic  laws.  The  worthlessness  of  the  handling  of  experi¬ 
ments,  well  known  by  the  name  of  the  phenomenon  of  ger.e-re- 
combinatlon  in  the  light  of  the  data  on  the  transforming 
activity  of  DNA,  and  certain  other  factors  speax  far  me 
presence  of  a  conflict  between  classic  genetics  and  tl.c 
phenomena  of  transduction  and  transformation  (lindargren, 
1955)  . 

Investigations  on  the  transfoi.^-ion  and  transduction  of 
microorganisms  undoubtedly  attest  to  the  presence  of  cer¬ 
tain  biochemical  structures--genetic  omponents,  under  the 
Influence  of  which  the  hereditary  signs  can  be  moaifie: . 

These  components,  however,  do  not  exhaust  the  cor.pc  aids 
localized  in  nuclei,  and  they  are  not  limited  to  deso\ .•ribon¬ 
ucleic  acid. 


by 


Control  of  the  hereditary  features  is  accomplished  also 
cytoplasmic  substances,  particularly  ribonucleic  acid. 


Furthermore,  we  believe  t 
transforming  extract  is  only 
varied  causes  producing  an  a 
pertles  of  microorganisms . 


hat  the  specific  action  of  the 
a  particular  case  among  the  : cst 
Iteration  of  the  hereditary  p: 


The  investigations  on  the  transformation  of 
ried  out  by  our  co-workers  ana  on  the  study  of 
of  formation  of  flitrable  and  I- forms  ,f  baeto 
obviously  estabil  hed  the  fact  that  t>  -  change 


u  3  C  u  e  .  ^  U  u  .  " 

the  p races  cs 
ria  have  quote 
■  u  the  h-±rc  - 
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ditary  properties  of  microorganisms  can  be  obtained  through 
the  influence  of  various  fac *ors  of  the  environment:  through 
the  ration  of  antibacterial  cgents  and,  particularly  of  arfci- 
biotias,  under  favorable  environmental  conditions,  etc. 


I  -  has  been  shown  that  und  ;r  the  influt nee  of  environmen¬ 
tal  onditions  qualitative  changes  occur  in  the  components 
of  tne  cells  to  which  a  genetic  role  has  been  given. 

Specifically,  this  pertains  to  the  qual.  tative  changes 
of  DNA  manifested  in  a  change  in  the  nuclei  tide  content  of 
its  molecules. 

Thus,  in  the  investigations  oh  the  immur.  chemical  study 
of  variability  the  altered  variants  were  obtained  through 
the  influence  of  non-specific  effects  (prolonged  passage  in 
distilled  water,  passage  through  media  with  low  pH,  action 
of  antibiotics) . 

As  has  been  mentioned,  marked  qualitative  changes  in  the 
nucleotide  content  of  the  DNA  have  been  est  .blished  in  these 
variants  in  comparison  with  the  original  cultures,  which 
has  been  correlated  with  a  marked  change  of  their  biologi¬ 
cal  properties  and  of  the  antigenic  structure  of  the  protein 
fractions. 

All  these  data  undoubtedly  attest  to  the  fact  chat  cer¬ 
tain  biochemical  structures  play  an  imports  it  role  in  th° 
determination  of  definite  hereditary  features  and  properties 
of  the  microbes.  Investigations  in  the  direction  of  the 
study  of  these  structures  have  exceptionally  great  and  im¬ 
portant  significance. 

It  is  quite  obvious,  however,  that  the  individual  compon¬ 
ents  do  not  determine  the  entire  conglomeration  and  entire 
variety  of  rules  and  regulations  of  heredity  and  its  varia¬ 
bility.  This  is  why,  along  with  the  study  of  the  individual 
biochemical  structures  of  the  microbial  cell  which  have  var¬ 
ious  chemical  expressions,  investigations  are  needed  for  the 
clarification  of  their  complex  significance  in  interaction 
and  in  indisruptible  association  with  the  study  of  the  en¬ 
tire  variety  of  biological  manifestations  of  heredity  and 
variability. 
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